To more precisely measure the beat to beat and instan• taneous pressure gradients across outflow stenotic le• sions, simultaneous Doppler and dual catheter pressure gradient measurements were performed in 95 patients (mean age 42 years, range 1.5 to 85). There were 38 right ventricular and 62 left ventricular outflow obstruc• tive lesions. Forty-nine patients also had a nonsimulta• neous Doppler study performed within 7 days before catheterization. The simultaneous pressure waveforms and Doppler spectral velocity profiles were digitized at 10 ms intervals deriving maximal, mean and instanta• neous gradients (mm Hg).
To more precisely measure the beat to beat and instan• taneous pressure gradients across outflow stenotic le• sions, simultaneous Doppler and dual catheter pressure gradient measurements were performed in 95 patients (mean age 42 years, range 1.5 to 85). There were 38 right ventricular and 62 left ventricular outflow obstruc• tive lesions. Forty-nine patients also had a nonsimulta• neous Doppler study performed within 7 days before catheterization. The simultaneous pressure waveforms and Doppler spectral velocity profiles were digitized at 10 ms intervals deriving maximal, mean and instanta• neous gradients (mm Hg).
For simultaneous maximal Doppler and catheter gra• dient measurements, the correlation coefficient (r) was 0.95 (SEE = 10 mm Hg), for Doppler and catheter mean gradients it was 0.94 (SEE = 8 mm Hg) and for maximal Doppler and peak to peak catheter gradients it was 0.92 (SEE = 13 mm Hg). The correlation of maximal and mean Doppler gradients with the respective catheter graThe development of continuous wave Doppler echocardi• ography has enabled pressure gradients to be estimated non• invasively (1-11). The purpose of this study was to assess the accuracy and validity of continuous wave Doppler es• timation of pressure gradients across a wide variety of right and left ventricular outflow stenotic lesions, with simulta• neous Doppler and dual catheter pressure measurements, The clinical utility of the noninvasive Doppler examination, instantaneous pressure relations and unique features of right and left ventricular outflow lesions were studied in detail.
dients was similarly high when the right and left ven• tricular outflow lesions were analyzed separately. How• ever, the maximal Doppler gradient was significantly higher than the peak to peak catheter gradient. This was more evident with left ventricular outflow stenotic le Continuous wave Doppler echocardiography accu• rately measures the instantaneous pressure gradient across both left and right ventricular outflow obstructive le• sions. The maximal Doppler gradient should not be equated with the peak to peak catheter gradient. As Doppler echocardiography measures instantaneous pressure gradients, it should not be directly compared with nonsimultaneous events.
(J Am Coli CardioI1986; 7:800-6) A dual catheter technique was used to more precisely mea• sure beat to beat and instantaneous pressure gradients.
Methods
Study patients. The study patients included 95 consec• utive patients with right or left ventricular outflow obstruc• tive lesions who had simultaneous Doppler and dual catheter pressure measurements during clinically indicated cardiac catheterization. There were 50 male and 45 female patients with a mean age of 42 years (range 1,5 to 85). There were 100 stenotic cardiac lesions studied, of which 38 were right ventricular outflow obstruction (17 pulmonary artery band, 12 pulmonary valvular, 5 infundibular. 3 conduit obstruc• tion and I supravalvular pUlmonary stenosis) and 62 were left ventricular outflow obstruction (52 valvular aortic ste• nosis, 4 discrete subvalvular stenosis, 4 bulboventricular foramen obstruction and 2 hypertrophic obstructive cardio• myopathy). In addition to the simultaneous Doppler and catheter ex• aminations, 49 patients also had a nonsimultaneous Doppler study within 7 days (average 3 days) before catheterization. This was performed as part of a comprehensive outpatient two-dimensional echocardiographic examination.
Cardiac catheterization. Before catheterization, pre• medication was given according to the age and clinical con• dition of the patient (13) . Fluid-filled catheters (SF to 8f) connected to strain gauge pressure transducers (Gould P23Id) were used for pressure measurement. The frequency re• sponse of the catheter recording systems was linear to IS Hz. In all patients, the catheter pressure gradient across the stenotic lesion was measured using a dual catheter tech• nique. For measurements in right ventricular outflow ob• structive lesions, one catheter was placed in the ventricle and the other was placed across the stenosis in the pulmonary artery. For measurements in left ventricular outflow obstruc• tive lesions, 32 patients had transseptal catheterization and in the remaining 30 patients, one catheter was retrogradely positioned across the aortic valve and the other was placed in the ascending aorta. The catheters were matched for size and length when possible. Pressures were recorded onto the calibrated IREX 7 inch (17.8 cm) strip chart recorder, using a direct current coupler, simultaneously with the Doppler spectral signals and the electrocardiogram (Fig. IA and 2A ) (10, 11, 13) .
Pressure gradient analysis. Simultaneous Doppler spectral envelope and dual catheter pressure waveforms were digitized at 10 ms intervals with instantaneous Doppler and catheter pressure gradients calculated at each interval ( velocity. The peak to peak systolic catheter gradient was defined as the difference between the peak ventricular and peak arterial pressures; these peak pressures are nonsyn• chronous (Fig. lA) . A fluid-filled catheter system was used for catheter pres• sure measurements in our study. The phase delay of the catheter gradient compared with the Doppler-derived gra• dient ( Fig. IB and 2B ) was related to the mechanical delay of the fluid-filled catheter system. In a study of experimental aortic stenosis in a canine model in this laboratory (14) , high fidelity pressure-tipped transducers were used and dem• onstrated a negligible phase shift.
Statistical analysis. Data are expressed as mean ± SD. 
Results
Correlation of simultaneous Doppler-catheter pres• sure gradients. The maximal instantaneous Doppler• derived gradient ranged from 14 to 156 mm Hg (mean 72 ± 33) and the simultaneous maximal catheter pressure gra• dients ranged from 16 to 168 mm Hg (mean 76 ± 34). They correlated closely (r = 0.95 and SEE = 10 mm Hg) (Fig. 3A) . The mean Doppler gradient ranged from 7 to 106 mm Hg (mean 46 ± 23) and the mean catheter pressure gradient ranged from 8 to 108 mm Hg (mean 48 ± 23). These values also correlated very closely (r = 0.94, SEE = 8) (Fig. 3B) .
The peak to peak catheter gradient ranged from 0 to 154 mm Hg (mean 58 ± 34), which was significantly lower than either the maximal catheter gradient or the maximal (Fig. 4B) . However, there was a significant difference between the right and left ventricular outflow stenotic lesions for the mean difference between the peak to peak and maximal Doppler gradients. This difference was greater with left (mean -19 ± 13 mm Hg) than with right ventricular outflow tract obstructive lesions (mean -5 ± 10 mm Hg) (p < 0.001). respiratory vanaUons in pressures. The use of ventricular to peripheral arterial pressure gradient is also suboptimal because of distortion of the arterial pressure waveform (that is, upstroke delay, peripheral systolic pressure amplification and ejection time prolongation) (15) . Peak ventricular and arterial pressures are nonsynchron• ous events and the pressure difference betwen them does not represent an instantaneous pressure gradient relation. Therefore, comparison of maximal instantaneous Doppler gradient with a nonsynchronous peak to peak gradient will lead to "overestimation" of the catheter gradient. However, a less than meticulous Doppler examination, resulting in suboptimal alignment of the ultrasound beam to the maximal velocity of flow, will underestimate the instantaneous pres• sure gradient. Because of these potential sources of error and the resultant variations in reported correlation, we un• dertook a study of a large group of patients with right or left ventricular outflow obstructive lesions. To show a beat to beat and instantaneous relation, we used a dual catheter technique and a direct current coupler, which permitted Doppler maximal instantaneous pressure gradient versus peak to peak catheter gradient. This study showed that Doppler velocities represent an instantaneous pressure relation and as such are not comparable with peak to peak catheter gradients. The instantaneous gradient is normally greatest in early systole, well before the non synchronous peak to peak gradient. In fact, at peak aortic pressure, the instantaneous gradient has often returned to nearly zero (Fig.  1) . Because aortic systolic pressure and pulse pressure are greater in amplitude than are pressures in the pulmonary artery, the difference between the maximal instantaneous and peak to peak pressure gradients is less evident with right than with left ventricular outflow tract obstructive lesions. Therefore, at almost any level of pressure gradient there will be a closer relation between the maximal instantaneous Doppler gradient and peak to peak catheter gradient for right ventricular outflow obstructions. Also, the higher the gra• dient, the less pulsatile the upstream arterial pressure waveform and the closer the relation between maximal in• stantaneous and peak to peak gradients.
A transvalvular gradient may be increased by a catheter across the stenotic valve. For left-sided lesions, this phe• nomenon would be difficult to document in a clinical setting, requiring both a transseptal approach and an additional ar• terial catheter. Potential errors. Doppler examination in our study was performed with the nonimaging Pedof transducer and with• out correction for presumed angle between the ultrasound beam and the maximal systolic jet. We have shown an accurate correlation between Doppler-derived and catheter• measured gradients. This is in contrast to reports in which angle correction has been advocated on the basis of esti• mation of the direction of blood flow using either two• dimensional echocardiography alone (15) 
